INTRODUCTION
The AI-Li alloy 8090 with a nominal composition of AI-2.4wt%Li-l. lwt%Cu-0.6wt%Mg-O. lwt%Zr is a low density, high modulus precipitate strengthened alloy whose mechanical properties are governed by the volume fraction, size and distribution of the strengthening phases. A small amount of Zr is added to 8090 during the alloy manufacture in order to form the metastable, coherent dispersoid p' (A]&). This phase is responsible for maintaining a fine grain size during hot working(1). The 6' (AI,Li) phase which forms on ageing is the major strengthening precipitate. It forms with a bi-modal size distribution as either homogeneous, spherical particles or as a 'composite' precipitate on a core of P' (2) .
The possibility of using Al-Li alloys in aerospace applications, as storage tanks for example, has seen the development of AI-Li welding research which has been reviewed with respect to conventional techniques(3) and also with specific emphasis on the use of the laser beam (4) . It has been shown that AI-Li alloys can be laser welded but are quite susceptible to fusion zone porosity.
During welding the prior thermomechanical treatment applied to the alloy is erased and an as-solidified microstructure forms in the fusion zone. The mechanical properties of the fusion zone are then significantly different from those of the base metal. It is the purpose of this paper to demonstrate that the structure of the laser welded fusion zone can be controlled and optimised by the application of a suitable, post-weld thermal treatment. 2 
EXPERIMENTAL PROCEDURE
The basic experimental procedure for laser welding superplastically formable (SPF) grade alloy 8090 has been described previously (4) . In this study weld samples in 4mm sheet were subjected to different post-weld heat treatments. In the first set of experiments each sample was placed directly into a fan oven which had been preheated to the solution treatment temperature required. Temperatures ranging from 460 to 530°C were investigated. The measured heating rate to the solutionising temperature was approximately 100Krnin-', and the time at temperature was 40 minutes.
In a second set of experiments each sample was heated to the same blutionising temperature of 530°C but additional heating rates of 1 and 10~min.' were investigated. For comparative purposes base metal samples were also subjected to these heat treatments. Samples were examined by optical and transmission electron microscopy (TEM) in the solution treated condition and also after artificial ageing (at 190°C for 16 hours). Samples for TEM were taken from longitudinal weld centre-line sections. The narrow weld bead was cut from the surrounding metal and carefully ground to a thickness of -5 0 0~. Discs 3mm in diameter were trepanned and ground further to a thickness of -100pm. Thin foils were obtained through twin jet polishing in a solution of 25% nitric acid in methanol at -30°C with an applied voltage of 12V producing a current of 0.1A. Diffraction analysis was conducted at lOOkV on a Philips EM301 whilst qualitative compositional analysis was performed at 200kV on a JEOL 2000FXII equipped with an energy dispersive X-ray (EDX) detector. Optical microscopy of etched samples was used to assess the effect of heat treatment on a-A1 grain size within the weld, and values of Vickers microhardness were also measured. In addition differential thermal analysis (DTA) of selected samples was undertaken at heating rates of 10 and 5OKmin" up to 650°C.
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RESULTS
The laser welding technique and the microstructure of the as-solidified laser weld have recently been reviewed in a previous paper(4) and will not be considered here. The results in this section are presented in three parts as follows: (1) the effect of solution treatment temperature, (2) the effect of heating rate to the solution treatment temperature and (3) the influence of ageing treatments, on weld metal microstructure and rnicrohardness.
3.1
Effect of solution treatment temperature For the range of solution treatment temperatures and times employed marked changes to the as-solidified weld structure were first observed optically at 470°C. As the treatment temperature increased homogenisation became more complete, but the most notable change which occurred was to the average grain size which increased from -l o p at 470°C to around 25pm at 530°C. Fig. 1 is an optical micrograph of a weld, heat treated at 530°C and massive grains measuring up to 2 0 0 p can be seen. These were predominantly at the fusion zonehase metal boundary but could also be found within the body of the weld. The Vickers microhardness of the fusion zone showed a clear Figure 1 Optical micrograph of a weld h e a m at increase with solutionising temperature which probably 1 0 0 b i n -' to 530°C. reflects the more extensive homoaenisation at higher " -temperatures.
3.2
Effect of heating rate The grain structure of the weld fusion zone was found to be strongly dependent on the heating rate to the solution treatment temperature as shown by the micrographs in Figs. 1 and 2 . The average grain size was found to decrease from around 2 5 p to 10.0 +. 1.2 p as the heating rate decreased from 100 to 1Kmin-'. Centred dark field micrographs from 6' reciprocal lattice spots, illustrated in Fig.  3 , show that 6' has precipitated during air cooling with a significant bi-modal distribution in the 1Kmin-' sample of Fig. 3(a) . EDX analysis of the larger precipitate cores confirmed that they were enriched in Zr. In contrast, 8' has precipitated in a distinctly more homogeneous manner after a heating rate of lOOKmin", Fig. 3(b) . The average microhardness of the fusion zone increased from -95kgfmma to -120kgfmm4 as the heating rate was decreased from 100 to 1Kmin-'. This is probably caused by enhanced homogenisation during the slow heating to the solution treatment temperature. DTA was performed on weld metal with heating rates of 10 and 50 ~m i n -' which showed that the onset of melting was at 574°C in both cases, i.e. well above the solution treatment temperature. Figure 2 Optical micrographs of solution treated welds after heating rates of (a) 10~min-' and (b)
3.3
Effect of ageing treatment 1Kmin-'. TEM was performed on weld metal which had been (a) post-weld aged for 16 hours at 190°C and (b) solution treated with heating rates of 100 and 1 Kmin-' followed by ageing for 16 hours at 190°C.
--
The centred dark field micrograph of Fig. 4 taken from the post-weld aged sample illustrates that the 6' distribution is uni-modal with enhanced precipitation at the a-A1 cell boundaries compared to the cell centres. The precipitate diameter is -30nm. After heating at a rate of 100Krnin-', solution treating and ageing a largely uni-modal distribution of 8 precipitates was observed throughout the microstructure together with a small amount of S' ( 4 C u M g ) phase, Fig. 5(a) . After heating at a rate of 1 Krnin-', solution treating and ageing the microstructure consisted of a bi-modal 6' distribution, Fig. 5@ ). Large duplex precipitates with reduced contrast cores measuring -90nm in diameter were observed at grain boundaries and within grains. EDX analysis of thecores confirmed that they were enriched in Zr. Microhardness measurements of the weld metal in these heat treatment conditions were made and are summarised in the graph of Fig. 6 . In the as-welded condition the weld is marginally harder then the SPF grade base metal. When aged the weld hardens more than the base metal. Only when solution treated and aged do base and weld metal attain similar hardnesses.
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DISCUSSION
One of the purposes of the discussion is to examine --the underlying mechanisms responsible for the marked effect ~i~~~~ 3 8 dark field images heating at rates of heating rate on grain size in the solution treated welds as of (a) lKmin-' and @) 1 0 0~~i~-' . evidenced by Figs. 1 and 2 . The DTA work performed, on sections taken from the welds, showed that the onset of melting occurred some 40K above the solution treatment temperature and hence localized grain boundary melting could not have played a part. However, the TEM studies using centred dark field imaging techniques have confirmed that there was a clear difference in Q' distribution between the samples subjected to different heating rates as seen by comparing Figs. 3(a) and (b) .
p' is known to inhibit grain boundary migration(5) and was clearly effective in the sample heated at 1Krnin-l. On the contrary, it would appear that in the more rapidly heated samples there was insufficient time available for appreciable amounts of p' to nucleate and grow (6) . Hence grain boundary migration was possible and led to abnormal grain growth giving some massive grains. The latter were most frequently formed in regions of prior columnar grains. The common <100> growth direction of these columnar grains might well have played a role in enabling massive grains to develop. The centred dark field images of the aged samples shown in Figs. 4 and 5 confum these observations Figure 4 8 dark field image of a weld aged for 16 regarding P' precipitation. On ageing 6' can grow on hours at 190°C. existing, large P' particles(;?) and clearly delineates the latter.
No p' can be seen in Figs. 4 or 5(a) whereas in Fig. 5(b) (from the weld heated at 1Kmin-') numerous duplex P' 18 particles are visible. The dependence of dispersoid distribution on heating rate has been noted previously in an AI,Mg,Zn alloy containing 0.3wt% Mn by Thomas (7) .
Turning now to the microstructure, microhardness values correlate well with the TEM observations on 6' formation. In the as-welded condition the low hardness is due to the small volume fraction of 8 and its uneven distribution arising from microsegregation during solidification. After post-weld ageing the 8 distribution is shown in Fig. 4 . The volume fraction of 6' is large, but it is still non-uniformly distributed. In this post-weld aged condition the fine-scale, rapidly solidified laser weld has hardened significantly more than the SPF grade base metal Figure 5 6' dark field images from solution treated and aged welds after employing heating rates of (a)
100Kmin-' and @) 1Kmin".
with its initially rather coarse intermetallic phase distribution(4). Only after a full solution treatment and ageing (ST+A) was it possible to achieve approximately equal hardnesses of weld and base metal. In this ST+A condition the heating rak had no significant effect on microhardness, but as noted previously had a major effect on grain size. Since base metal and weld can reach the same hardness after ST+A, it would appear that little lithium is lost during the autogenous bead-on-plate laser welding process. 5 
CONCLUSIONS
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From the work undertaken it can be concluded that the as-welded structure is sensitive to the solution treatment 
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